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(54) Motorized bicycle actuator assembly 

(57) A motorized bicycle actuator assembly has a 
motorized actuator unit 60 arranged to operate a bicycle 
component The motorized actuator unit 60 has a drive 
train 74 coupled to a reversible motor 72, and a position 
switch device or an overcurrent detecting circuit coupled 
to the motor 72 to stop rotation of a drive axle 95 of the 
drive train 74 at first and second stop positions. The bi- 



cycle component is coupled to the drive axle 95 to move 
a movable member between a first and second preset 
component positions that correspond to the first and 
second stop positions of the drive axle 95, respectively 
First and second shock absorbing elements are ar- 
ranged to cushion the drive train 74 when the drive axle 
95 moves past the first and second stop positions of the 
drive axle 95, respectively 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This invention generally relates to a motorized 
bicycle actuator assembly. More specifically, the 
present invention relates protecting a motor and drive 
train of a bicycle component when a malfunction occurs 
that results in the motor being energized longer than 
necessary. 

2. Background Information 

[0002] Bicycling is becoming an increasingly more 
popular form of recreation as well as a means of trans- 
portation. Moreover, bicycling has become a very pop- 
ular competitive sport for both amateurs and profession- 
als. Whether the bicycle is used for recreation, transpor- 
tation or competition, the bicycle industry is constantly 
Improving the various components of the bicycle. 
[0003] In particular, bicycle components have be- 
come motorized so as to increase the performance of 
the bicycle and the ease of operating the bicycle. For 
example, one part of the bicycle that has been motorized 
is the transmission or drive train of the bicycle. Thus, 
many bicycles have been provided with an electronic 
drive train for smoother shifting. These electronic drive 
trains include a rear multi-stage sprocket assembly with 
a motorized rear derailleur and a front multi-stage 
sprocket assembly with a motorized front derailleur. 
These derailleurs are electronically operated by a cycle 
computer for automatically and/or manually shifting of 
the derailleurs. 

[0004] A typical bicycle transmission is operated by a 
shift operating wire connected between the transmis- 
sion and a manually operated shift operating device 
mounted on the handlebar. The rider operates the shift 
operating device to selectively pull or release the shift 
operating wire which, in turn, operates the transmission 
in the desired manner. In a motorized bicycle transmis- 
sion, the rider pushes a button and a motor is activated 
to operate the derailleurfor completing a shift operation. 
[0005] One problem with motorized bicycle compo- 
nents Is that the motor may overrun due to faulty elec- 
trical cables or other electrical components. Moreover, 
the motor may overrun due to the bicycle component 
being out of adjustment. If the motor overruns, the drive 
train for operating the bicycle component may become 
damaged due to the gear train constantly coming to an 
abrupt stop. 

[0006] In view of the above, there exists a need for a 
motorized bicycle component which overcomes the 
above mentioned problems in the prior art This inven- 
tion addresses this need in the prior art as well as other 
needs, which will become apparent to those skilled in 
the art from this disclosure. 



SUMMARY OF THE INVENTION 

[0007] One object of the present invention is to pro- 
vide a motor of a motorized bicycle component in which 
5 the motor and drive train are protected in the event of a 
malfunction. 

[0008] Another object of the present invention is to 
provide a power assist for a front derailleur that protects 
the motor and drive train in the event of a malfunction. 
10 [0009] The foregoing objects can basically be at- 
tained by providing a motorized bicycle actuator assem- 
bly that protects the parts in the event of a malfunction. 
The motorized bicycle actuator assembly comprising a 
motorized actuator unit, a bicycle component operative- 
's ly coupled to the motorized actuator unit, a control de- 
vice operatively coupled to the motorized actuator unit 
to stop operation of the motorized actuator unit at first 
and second stop positions; and first and second shock 
absorbing elements arranged to prevent damage when 
20 the motorized actuator unit is driven past the first and 
second stop positions. The motorized actuator unit in- 
cludes a reversible motor, a drive train operatively cou- 
pled to the reversible motor, and a control device oper- 
atively coupled to the reversible motor to stop rotation 
25 of a drive axle of the drive train at first and second stop 
positions. The bicycle component operatively is coupled 
to the drive axle to move a movable member between 
a first preset component position and a second preset 
component position that correspond to the first and sec- 
30 ond stop positions of the drive axle, respectively. At least 
one shock absorbing element is operatively arranged to 
cushion movement of the drive train when the drive axle 
moves past at least one of the first and second stop po- 
sitions of the drive axle. 
55 [0010] According to one aspect of the present inven- 
tion, the control device is a position switch device oper- 
atively coupled to the motor to stop rotation of the drive 
axle of the drive train at the first and second stop posi- 
tions. According to another aspect of the present inven- 
40 tion, the control device is an overcurrent detecting circuit 
operatively coupled to the motor to stop rotation of the 
drive axle of the drive train at the first and second stop 
positions. 

[0011] In one preferred embodiment the bicycle com- 
45 ponent Is a front derailleur. However, It will be apparent 
to those skilled in the art from this disclosure that the 
bicycle component can be any motorized bicycle com- 
ponent. For example, the bicycle component of the 
present invention can be a rear derailleur, a motorized 
so suspension, or any other suitable motorized bicycle 
component. 

[0012] These and other objects, features, aspects 
and advantages of the present invention will become ap- 
parent to those skilled in the art from the following de- 
55 tailed description, which, taken in conjunction with the 
annexed drawings, discloses a preferred embodiment 
of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Referring now to the attached drawings which 
form a part of this original disclosure: 

5 

Figure 1 is a side elevational view of a conventional 
bicycle with an electronically controlled drive train 
in accordance with one embodiment of the present 
invention; 

Figure 2 is a top plan view of the handlebar portion 10 
of the bicycle illustrated in Figure 1 with a shift con- 
trol unit and a pair of shifting devices coupled there- 
to; 

Figure 3 is a perspective view of the front derailleur 
assembly that incorporates a shift assisting appa- *s 
ratus according to the present invention for shifting 
a bicycle transmission or drive train; 
Figure 4 is a partially exploded perspective view the 
shift assisting apparatus for the front derailleur as* 
sembly illustrated in Figure 3 with the derailleur and 20 
the crank arm removed; 

Figure 5 is a flowchart illustrating a motor control 
routine for stopping the motor of the shift assisting 
apparatus for the front derailleur assembly illustrat- 
ed in Figures 3 and 4; 25 
Figure 6 is a graph illustrating the current flow to the 
motor verses movement of the shift assisting appa- 
ratus for the front derailleur assembly during a shift 
operation of the front derailleur assembly illustrated 
in Figures 3 and 4; 30 
Figure 7 is a schematic diagram illustrating the op- 
eration of the motor of the shift assisting apparatus 
for the front derailleur assembly using a position de- . 
tecting circuit; 

Figure 8 is a schematic diagram illustrating the op- -35 
eration of the motor of the shift assisting apparatus 
for the front derailleur assembly using an overcur- 
rent detecting circuit; 

Figure 9 is a schematic diagram illustrating the 
overcurrent detecting circuit for stopping the oper- 40 
ation of the motor of the shift assisting apparatus 
for the front derailleur assembly; 
Figure 1 0 is a rear elevational view of the driven 
member of the shift assisting apparatus and the 
front derailleur assembly illustrated in Figures 3 and <s 
4; 

Figure 11 is a first side elevational view of the mo- 
torized actuator unit of the shift assisting apparatus 
for the front derailleur assembly illustrated in Fig- 
ures 3 and 4; so 
Figure 12 is a second elevational view of the motor- 
ized actuator unit of the shift assisting apparatus for 
the front derailleur assembly illustrated in Figures 3 
and 4; 

Figure 13 is a partial inside elevational view of the 55 
motorized actuator unit (cover removed) of the shift 
assisting apparatus for the front derailleur assembly 
illustrated in Figures 3 and 4, with the drive axle in 



a first stop position that corresponds to the first pre- 
set or top component position; 
Figure 14 is a partial inside elevational view of the 
motorized actuator unit (cover removed) of the shift 
assisting apparatus for the front derailleur assembly 
illustrated in Figures 3 and 4, with the drive axle in 
a first overrun position such that the drive gear is 
contacting the first shock absorbing element; 
Figure 15 is a partial inside elevational view of the 
motorized actuator unit (cover removed) of the shift 
assisting apparatus for the front derailleur assembly 
illustrated in Figures 3 and 4, with the drive axle in 
a second stop position that corresponds to the sec- 
ond preset or low component position; 
Figure 16 is a partial inside elevational view of an 
actuator unit (cover removed) of the shift assisting 
apparatus for the front derailleur assembly illustrat- 
ed in Figures 3 and 4, with the drive axle in a second 
overrun position such that the drive gear is contact- 
ing the second shock absorbing element; 
Figure 1 7 is a partial inside elevational view of an 
actuator unit (cover removed) of the shift assisting 
apparatus in accordance with another embodiment 
of the present invention; 

Figure 18 is a bottom view of the driven member 
and the motorized actuator unit of the shift assisting 
apparatus with certain portions broken away for 
purposes of illustration; 

Figure 19 is a perspective view of a portion of the 
drive axle of the motorized actuator of the shift as- 
sisting apparatus for the front derailleur assembly 
illustrated in Figures 3 and 4; 
Figure 20 is a side elevational view of the base 
member of the driven member for the shift assisting 
apparatus in which the operating lever is in the first 
operating position; 

Figure 21 is a side elevational view of the base 
member of the driven member for the shift assisting 
apparatus in which the operating lever is in the sec- 
ond operating position; 

Figure 22 is a side elevational view of the shift as- 
sisting apparatus illustrated in Figures 3 and 4, with 
the driven member in an idle state and the derailleur 
in a top position; 

Figure 23 is a side elevational view of the shift as- 
sisting apparatus illustrated in Figures 3 and 4, with 
the driven member in an idle state and the derailleur 
in a top position, similar to Figure 22, but with por- 
tions of the cam ring broken away for illustrating the 
first and second pawls; 

Figure 24 is a side elevational view of the shift as- 
sisting apparatus illustrated in Figures 3 and 4 when 
the operating lever has been moved to the second 
operating position so that the first pawl moves radi- 
ally inwardly to engage the drive member; 
Figure 25 is a side elevational view of the shift as- 
sisting apparatus illustrated in Figures 3 and 4 when 
the drive axle is rotated in a first direction so that 
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the drive member contacts the first pawl to rotate 
the cam ring; 

Figure 26 is a side elevational view of the shift as- 
sisting apparatus illustrated in Figures 3 and 4 
showing the derailleur positioning cam ring rotated 5 
to the downshift position for releasing the deraiileur 
operating wire; 

Figure 27 is a side elevational view of the shift as- 
sisting apparatus illustrated in Figures 3 and 4 when 
the shift assisting apparatus has completed the 10 
shifting operations from the top position to the low 
position; 

Figure 28 is a side elevational view of the shift as- 
sisting apparatus illustrated in Figures 3 and 4 when 
the drive axle is rotated in a second direction to 
move the operating lever to the first operating posi- 
tion so that the second pawl moves to engage the 
drive member; 

Rgure 29 is a side elevational view of the shift as- 
sisting apparatus illustrated in Figures 3 and 4 20 
showing the drive member contacting the second 
pawl to rotate the cam ring for performing an upshift 
from the low position to the top position; 
Figure 30 is a side elevational view of the shift as- 
sisting apparatus illustrated in Figures 3 and 4 25 
showing the derailleur positioning cam ring rotated 
to the upshift position for pulling the derailleur op- 
erating wire to complete the upshifting operations; 
Figure 31 is a schematic diagram illustrating a mo- 
torized rear derailleur being operated a motor using 30 
a position detecting circuit in accordance with an- 
other embodiment of the present invention; 
Rgure 32 is a schematic diagram illustrating a mo- 
torized rear derailleur being operated a motor using 
an overcurrent detecting circuit in accordance with 35 
another embodiment of the present invention; 
Rgure 33 is a schematic diagram illustrating a mo- 
torized front derailleur being operated a motor using 
a position detecting circuit in accordance with an- 
other embodiment of the present invention; 40 
Figure 34 is a schematic diagram illustrating a mo- 
torized front derailleur being operated a motor using 
a position detecting circuit in accordance with an- 
other embodiment of the present invention; 
Figure 35 is a schematic diagram illustrating a mo- 45 
torized internal hub being operated a motor in ac- 
cordance with another embodiment of the present 
invention; 

Figure 36 is a schematic diagram illustrating the op- 
eration of the motor of the internal hub using a po- so 
sition detecting circuit; and 

Rgure 37 is a schematic diagram illustrating the op- 
eration of the motor of the internal hub using an 
overcurrent detecting circuit. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Referring initially to Rgures 1-3, a bicycle 10 
is illustrated with an electronically controlled drive train 
12 in accordance with a first embodiment of the present 
invention, as discussed below. The bicycle 10 basically 
has a frame 14 and a pair of wheels 15, with the rear 
wheel being driven by the drive train 1 2. The bicycle 1 0 
and its various components are well known in the prior 
art, except for the improved portions of the drive train 
12 of the present invention. Thus, the bicycle 1 0 and its 
various components will not be discussed or illustrated 
in detail herein, except forthe components that relate to 
the drive train 12of the present invention. Moreover, var- 
ious conventional bicycle parts such as brakes, addi- 
tional sprockets, etc., which are not illustrated and/or 
discussed in detail herein, can be used in conjunction 
with the present invention. 

[0015] As used herein, the terms "forward, rearward, 
upward, above, downward, below and transverse" refer 
to those directions of a bicycle in its normal riding posi- 
tion. Accordingly, these terms, as utilized to describe the 
present invention in the claims, should be interpreted 
relative to the bicycle 10 in Its normal riding position. 
[0016] Still referring to Figures 1 -3, the drive train 12 
basically includes a rear multi-stage sprocket assembly 
16 with a motorized rear derailleur assembly or chain 
shifting device 1 8, a front multi-stage sprocket assembly 
20 with a motorized front derailleur assembly or chain 
shifting device 22, a chain 24 extending between the 
rear multi-stage sprocket assembly 1 6 and the front mul- 
ti-stage sprocket assembly 20, and a pair of pedals 26 
mounted on a bottom bracket 27 to rotate the front multi- 
stage sprocket assembly 20. The rear multi-stage 
sprocket assembly 16 has a plurality of sprockets or 
gears 16a that are arranged in a conventional manner. 
The front multi-stage sprocket assembly 20 has a plu- 
rality of sprockets or gears 20a that are arranged in a 
conventional manner. In the illustrated embodiment, the 
front multi-stage sprocket assembly 20 has two sprock- 
ets or gears 20a. 

[0017] As seen in Figures 3 and 4, the front derailleur 
assembly 22 basically includes a front derailleur 28 and 
a shift assisting apparatus 30. The front derailleur 28 is 
preferably a conventional front derailleur that is cable 
operated. An electronic control system 31 is used to op- 
erate the shift assisting apparatus 30, which in turn op- 
erates the front derailleur 28. The shift assisting appa- 
ratus 30 utilizes power from the drive train 12 to move 
the front derailleur 28 between a first shift position and 
a second shift position as explained below in more de- 
tail. 

[0018] As seen in Figure 2, the electronic control sys- 
tem 31 basically includes a shift control unit or cycle 
computer 32 and a pair of shifting devices 34a and 34b. 
The shift control unit 32 is electrically coupled to the mo- 
torized derailleur assemblies 1 8 and 22 by an electrical 
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control cord 36. The shift control unit 32 is also electri- 
cally coupled to the shifting devices 34a and 34b via the 
electrical cords 38a and 38b, respectively. It will be ap- 
parent to those skilled in the art from this disclosure, the 
electronic control system 31 can also be utilized to con- 
trol other electronically operated components such as 
the front and rear suspension and/or other components 
of the bicycle 10. 

[001 9] The shift control unit or cycle computer 32 pref- 
erably includes a microcomputer formed on a printed cir- 
cuit board that is powered by a battery unit. The micro- 
computer of the shift control unit 32 includes a centra! 
processing unit (CPU), a random access memory com- 
ponent (RAM), a read only memory component (ROM), 
and an I/O interface. The various components of the mi- 
crocomputer are well known in the bicycle field. There- 
fore, the components used In the microcomputer of the 
shift control unit 32 will not be discussed or Illustrated in 
detail herein. Moreover, it will be apparent to those 
skilled in the art from this disclosure that the shift control 
unit 32 can include various electronic components, cir- 
cuitry and mechanical components to carryout the 
present invention. Of course, it will be apparent to those 
skilled in the art from this disclosure that the shift control 
unit 32 can have a variety of configurations, as needed 
and/or desired. 

[0020] Preferably, the shift control unit 32 is a cycle 
computer that provides or displays various information 
to the rider via a display and that operates the motorized 
derailleur assemblies 18 and 22. Thus, the drive train 
1 2 of the bicycle 1 0 is operated or electronically control- 
led by the shift control unit 32. More specifically, the shift 
control unit 32 is a cycle computer that electrically op- 
erates the motorized derailleur assemblies 18 and 22 
either automatically or manually as explained below. 
One example of an automatic shifting assembly that can 
be adapted to be used with the present invention is dis- 
closed in U.S. Patent No. 6,073,061 to Kimura, which is 
assigned to Shimano Inc. 

[0021] In the manual mode, shifting of each of the mo- 
torized derailleur assemblies 1 8 and 22 is preformed by 
via manually shifting the shift devices 34a and 34b. De- 
pressing one of the shift buttons of the shift devices 34a 
and 34b generates a predetermined operational com- 
mand that is received by the central processing unit of 
the shift control unit 32. The central processing unit of 
the shift control unit 32 then sends a predetermined op- 
erational command or electrical signal to move or shift 
one of the motorized derailleur assemblies 18 and 22. 
[0022] In the automatic mode, shifting of each of the 
motorized derailleur assemblies 1 8 and 22 is preferably 
at least partially based on the speed of the bicycle and 
the torque applied to the pedals 26. Thus, the shift con- 
trol unit 32 further includes at least one speed sensing/ 
measuring device or component 42 and at least one 
torque sensing/measuring device or component 43. The 
speed sensing/measuring device or component 42 pro- 
vides information indicative of the speed of the bicycle 



1 0 to the central processing unit of the shift control unit 
32. The torque sensing/measuring device or component 

43 provides information indicative of the torque applied 
to the pedals 26 to the central processing unit of the shift 

s control unit 32. The sensing/measuring components 42 
and 43 generates predetermined operational com- 
mands indicative of the speed of the bicycle 1 0 and the 
torque applied to the pedals 26, respectively. Of course, 
additional sensing/measuring components can be oper- 

10 atively coupled to central processing unit of the shift con- 
trol unit 32 such that predetermined operational com- 
mands are received by the central processing unit 
(CPU) of the shift control unit 32 to automatically operate 
the motorized derailleur assemblies 18 and 22 or other 

is components. 

(0023] The sensing/measuring component 42 can be , 
for example, a speed sensing unit that includes a sensor 

44 and a magnet 45. The sensor 44 is preferably a mag- 
netically operable sensor that is mounted on the front 

20 fork of the bicycle 1 0 and senses the magnet 45 that is 
attached to one of the spokes of the front wheel of the 
bicycle 1 0. The sensor 44 can be a reed switch or other 
component for detecting the magnet 45. The sensor 44 
generates a pulse each time wheel of the bicycle 1 0 has 

25 turned a pro-described angle or rotation. In other words, 
the sensor 44 detects the rotational velocity of the front 
wheel of the bicycle 1 0. As soon as sensor 44 generates 
the pulse or signal, a pulse signal transmission circuit 
sends this pulse signal to the central processing unit of 

so the shift control unit 32. Trie shift control unit 32 deter- 
mines whether the chain 24 should be upshifted or 
downshifted, based on this speed information and any 
other relevant information that it has available. Thus, the 
sensor 44 and the magnet 45 form a sensing device or 

55 . measuring component of the shift control unit 32. In oth- 
er words, the sensor 44 outputs a bicycle speed signal 
by detecting a magnet 45 mounted on the front wheel 
of the bicycle 1 0. Thus, speed information is sent to the 
battery operated electronic shift control unit 32 to oper- 

40 ate the motorized derailleur assemblies 18 and 22, as 
needed and/or desired. 

[0024] The sensing/measuring component 43 can be, 
for example, a torque sensing unit that includes a sensor 
46 and a magnet 47. The sensor 46 is preferably a mag- 

45 netically operable sensor that is mounted on a stationary 
part (the shift assisting apparatus 30) of the bicycle 10. 
The sensor 46 senses the magnet 47 that is attached to 
the crank arm 26a of the bicycle 1 0. The sensor 46 can 
be a reed switch or other component for detecting the 

so magnet 47. The sensor 46 generates a pulse each time 
the crank arm 26a of the bicycle 10 has turned a pre- 
described angle or rotation. In other words, the sensor 
46 detects the rotational torque of the crank arm 26a of 
the bicycle 10. As soon as sensor 46 generates the 

55 pulse or signal , a pulse signal transmission circuit sends 
this pulse signal to the central processing unit of the shift 
control unit 32. The shift control unit 32 determines 
whether the chain 24 should be upshifted or downshift- 
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ed, based on this speed information and any other rel- 
evant information that it has available. Thus, the sensor 
46 and the magnet 47 form a sensing device or meas- 
uring component of the shift control unit 32. In other 
words, the sensor 46 outputs a bicycle torque signal by 
detecting a magnet 47 mounted on the crank arm 26a 
of the bicycle 10. Thus, torque information is sent to the 
battery operated electronic shift control unit 32 to oper- 
ate the motorized derailleur assemblies 18 and 22, as 
needed and/or desired. 

[0025] Referring to Figure 4, the front derailleur 28 fix- 
edly coupled to the shift assisting apparatus 30 which 
in turn is fixed to the bottom bracket 27 of the bicyde 
frame 14. Preferably, the front derailleur 28 is illustrated 
as being movably coupled to the shift assisting appara- 
tus 30. Of course, it will be apparent to those skilled in 
the art from this disclosure that the front derailleur 28 
can be coupled directly to the bottom bracket 27 or to 
other parts of the bicycle such as the seat post as need- 
ed and/or desired. 

£0026] The front derailleur 28 is operated by the shift 
control unit 32 to move the chain 24 between sprockets 
22a. More specifically, the rider pushes one of the but- 
tons on the shifting devices 34b that activates the shift 
assisting apparatus 30 which in turn moves the front de- 
railleur 28 between its top and low shift positions. 
[0027] Still referring to Figure 3, the front derailleur 28 
basically a chain guide 52 and a linkage assembly 54 
that are coupled the shift assisting apparatus 30. The 
front derailleur 28 is a conventional component that is 
well known in the art. Since front derailleurs are well 
known in the art, the construction of the front derailleur 
28 will not be discussed or illustrated in detail herein. A . 
cable 56 or wire is fixedly coupled between the shift as- 
sisting apparatus 30 and an operating arm or lever 56 
of the linkage assembly 54. Thus, the shift assisting ap- 
paratus 30 operates the front derailleur 28 by pulling or 
releasing the operating wire 56. When the operating 
wire 56 is pulled downwardly, the chain guide 52 moves 
from a retracted (low gear) position to an extended (high 
or top gear) position. When the operating wire 56 is re- 
leased upwardly, the chain guide 52 moves from the ex- 
tended (top gear) position to the (low gear) retracted po- 
sition. The linkage assembly 54 is preferably designed 
such that a biasing member (torsion spring) normally bi- 
ases the chain guide 52 In a transverse direction to- 
wards the frame 14 of bicycle 10, i.e., towards the low 
gear position. In other words, when the chain guide 52 
is closest to the frame of bicycle 1 0, the chain guide 52 
holds the chain 24 over the low gear or sprocket 20a 
that is closest to the bicycle frame 14. 
[0028] The shift assisting apparatus 30 includes a mo- 
torized actuator unit 60 that operates a power transfer 
mechanism 62 such that the rotational force of the crank 
arm 26a puds or releases the operating wire 56 of the 
front derailleur 28. The motorized actuator unit 60 is op- 
eratively coupled to the shift control unit 32 via the elec- 
trical control cord 36 and to the shifting device 34b via 



the electrical cord 38b for receiving the upshift signal 
and the downshift signal. The motorized actuator unit 
60 is operatrvely coupled to the power transfer mecha- 
nism 62, which operates the front derailleur 28. The 
5 power transfer mechanism 62 is operatrvely coupled to 
the crank ami 26a so that the pedaling force is used to 
shift the front derailleur 28 as explained below. 
[0029] As seen in Figures 11-19, the motorized actu- 
ator unit 60 basically includes a housing 70 with a re- 
10 versible motor 72, a gear drive train 74 and a position 
control device or switch 76 (Figure 18). The housing 70 
is mounted to the rear or inside surface of the power 
transfer mechanism 62 (Figure 10) via bolts (not shown) 
such that the gear drive train 74 operates the power 
*5 transfer mechanism 62. 

[0030] Referring to Figure 7, the motor 72 of the mo- 
torized actuator unit 60 is electrically connected by the 
electrical cord 36 to the shift control unit 32 which has 
a microcomputer 80 with a motor driver circuit 82. A po- 
20 sition detecting circuit 84 is operatively coupled to the 
central processing unit of the microcomputer 80 and/or 
the motor driver circuit 82 for stopping the motor 72. In 
the main embodiment, the position control device or 
switch 76 detects the position of drive axle 95 of the gear 
25 drive train 74 to send a 6ignal to stop the motor 72. Al- 
ternatively, as seen in Figures 8 and 9, the position de- 
tecting circuit 84 can be replaced with an overcurrent 
detecting circuit 84' is operatively coupled the central 
processing unit of the microcomputer 80 and/or the mo- 
30 tor driver circuit 82 for stopping the motor 72 as ex- 
plained below. 

[0031 ] The power source or battery 86 can be located 
in either the shift control unit 32 or a separate housing 
(not shown), and is operatively coupled to the motor 72 

35 via the motor driver circuit 82 and to either the position 
detecting circuit 84 or the overcurrent detecting circuit 
84\ When the position detecting circuit 84 is used, the 
predetermined end positions of the gear drive train 74 
are detected by the position control device or switch 76 

40 to stop the movement of the motor 72, as explained be- 
low. When the overcurrent detecting circuit 84' is used, 
the central processing unit of the microcomputer 80, the 
motor driver circuit 82 and the overcurrent detecting cir- 
cuit 84' operate together to stop the movement of the 

45 motor 72 upon detection of the motor 72 beginning to 
lock up. 

[0032] As seen in Figures 5 and 6, the microcomputer 
80 has a control program, which receives drive axle stop 
position and signal from the position detecting circuit 84 

so for controlling the operation of the motor 72. More spe- 
cifically, when the rider pushes a button on the shifting 
device 34b to start a shifting operation, the microcom- 
puter 80 will then send a signal to the motor driver circuit 
82 to have the power source or battery 86 energize the 

55 motor 72 in the desired direction. The motor 72 is pref- 
erably a reversible motor that can be driven in either a 
clockwise or a counterclockwise direction so as to move 
the derailleur 28 between first and second shift or preset 
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component positions. The position detecting circuit 84 
wfll stop energizing the motor 72 when the deraifleur 28 
reaches the new position in accordance with the signal 
sent by the position control switch 76. The first and sec- 
ond shift or preset component positions of the deraiileur 5 
28 preferably correspond to the end positions of the 
drive train 74 as explained below. 
[0033] In other words, when the motor 72 begins to 
lock up, this will increase the current level such that an 
overcurrent signal is sent from the overcurrent detecting to 
circuit 84' back to the central processing unit of the mi- 
crocomputer 80 to stop the electricity from energizing 
the motor 72. 

[0034] As seen in Figure 9, the overcurrent detecting 
circuit 84' has a comparator 90 that compares the volt- is 
age being inputted into the motor driver circuit 82 with 
a predetermined voltage Vcc. If the voltage in the motor 
driver circuit 82 becomes greater than the predeter- 
mined voltage Vcc, then the comparator 90 will send a 
signal to the central processing unit of the microcomput- 20 
er 80 to send a motor control signal to the motor driver 
circuit 82 which will stop the flow of current to the motor 
72. 

[0035] Referring now to Figures 1 3-1 9, the gear drive 
train 74 of the motorized actuator unit 60 wfll now be 25 
discussed in more detail. The gear drive train 74 in- 
cludes three power transfer gears 91 , 92 and 93, a drive 
gear 94 and a drive axle 95 that transmits the rotation 
from the motor output gear 73 to the power transfer 
mechanism 62. The motor 72 and the gear drive train 30 
74 are mounted within a housing 70. In the embodiment 
shown in Figures 13-16, the housing 70 has a pair of 
shock absorbing elements or bumpers 96a and 96b ar- 
ranged adjacent the drive gear 94. More specifically, the 
shock absorbing elements 96a and 96b are located on as 
the housing 70 so as to engage the first and second con- 
tact surfaces 94a and 94b of the drive gear 94. The mo- 
tor 72 drives the drive gear 94 and the drive axle 95 in 
both the clockwise and the counterclockwise direction 
between first and second end positions. In one embod- 40 
iment , the end positions of the drive gear 94 are located 
just after contact of the contact surfaces 94a and 94b 
with the shock absorbing elements 96a and 96b, re- 
spectively. Alternatively, the end positions of the drive 
-gear 94 are located just prior to contact between the 
contact surfaces 94a and 94b and the shock absorbing 
elements 96a and 96b, respectively. In another embod- 
iment, the end positions of the drive gear 94 are located 
at the points of contact between the contact surfaces 
94a and 94b and the shock absorbing elements 96a and so 
96b, respectively. The first and second shift or preset 
component positions of the deraiileur 28 preferably cor- 
respond to the end positions of the drive train 74. Pref- 
erably, the drive gear 94 only engages the shock ab- 
sorbing elements 96a and 96b when the motor 72 is en- ss 
ergized past the normal stop positions of the drive axle 
95. 

[0036] While such an overrun of the motor 72 rarely 



occurs, the shock absorbing elements 96a and 96b pro- 
tect the drive train 74 by absorbing and slowing the ro- 
tational movement of the drive train 74. More specifical- 
ly, the shock absorbing elements 96a and 96b are locat- 
ed on the housing 70 so as to engage the first and sec- 
ond contact surfaces 94a and 94b of the drive gear 94. 
The drive gear 94 only engages the shock absorbing 
elements 96a and 96b when the motor 72 is energized 
to or past the normal stop positions of the drive axle 95. 
[0037] In one embodiment of the invention, the shock 
absorbing elements 96a and 96b are constructed of an 
acrylic foam material having a thickness of approximate- 
ly 1 .14 millimeters in the direction of compression be- 
tween the drive gear 94 and the housing 70. The shock 
absorbing elements 96a and 96b are preferably adhe- 
sively secured to the housing 70. For example, double- 
sided adhesive tape can be utilized to secure the shock 
absorbing elements 96a and 96b to the housing 70. The 
shock absorbing material can be constructed of any ma- 
terial that has a cushioning effect such as pofyethylene- 
terephthalate. Alternatively, as shown in Figure 1 7, the 
shock absorbing elements or bumpers 96a and 96b can 
be positioned on the ends of the drive gear 94 by adhe- 
sive such as a double-sided adhesive tape. Moreover, 
it will be apparent to those skilled in the art from this 
disclosure that the shock absorbing elements can be ar- 
ranged anywhere along the drive train 74 as needed 
and/or desired. Moreover, the shock absorbing ele- 
ments 96a and 96b can take other forms than foam-like 
pads as illustrated. The drive gear 94 is coupled to a 
drive axle 95 for rotating the drive axle 95 in either a 
clockwise or counterclockwise depending upon the di- 
rection of rotation of the gear 73. 
[0038] As best seen in Figure 1 9, the drive gear 94 
and the drive axle 95 have a small amount of rotational 
play therebetween. This rotational play is taken up by a 
torsion spring 98. This arrangement is designed to fur- 
ther protect the gears from breaking when the motor 72 
locks up but the energy to the motor 72 has not been 
discontinued. Moreover, since the gears 91-94 cannot 
stop immediately due to inertia, the torsion spring 98 fur- 
ther protects the gears 91 -94 from breaking due to such 
an overrun. This torsion spring 98 also protects the 
gears 91 -94 in the case of a double shift when the rider 
performs a second shift before the first shift is complet- 
ed. The drive axle 95 has hub portion with a center bore 
95a that is coupled to the power transfer mechanism 62 
as discussed below. Preferably, the bore 95a has a non- 
circular cross section. The drive gear 94 is a fan -shaped 
gear having a hub portion 94c mounted on the drive axle 
95 and an arc shaped portion 94d with a plurality of teeth 
located between the first and second contact surfaces 
94a and 94b. 

[0039] Ret erring back to Figures 3 and 4, the bottom 
bracket 27 is operativery coupled to the shift assisting 
apparatus 30 according to the present invention for shift- 
ing a bicycle transmission or drive train 12. The general 
structure of the bottom bracket 27 is well known in the 
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bicycle art, so a detailed description of those compo- 
nents shall be omitted. 

[0040] Referring now to Figures 20-30, the power 
transfer mechanism 62 basically includes a drive ring 
100 fixedly secured to the right crank arm 26a and a 
driven member 102 fixed to the outer sleeve 27a of the 
bottom bracket 27. Thus, the drive ring 100 rotates with 
the right crank arm 26a, while the driven member 102 
Is non-rotatabry fixed to frame 1 4 by the bottom bracket 
27. In this embodiment, the driven member 1 02 of the 
power transfermechanism 62 can act as the base mem- 
ber of the front derailleur 28. Alternatively, the front de- 
railleur 28 can be directly coupled to the bottom bracket 
27, If needed anoYor desired. 

£0041 ] Referring to Figure 4, a perspective view of the 
power transfer mechanism 62 is illustrated with the de- 
railleur 28 and the crank ami 26a removed. The drive 
ring 1 00 is shown with a smooth inner peripheral surface 
104 that is press-fitted on to the inner end of the crank 
ami 26a. Of course, the inner peripheral surface 1 04 can 
have splines that mate with corresponding splines of the 
crank ami 26a. Alternatively, the drive ring 100 can be 
fixed to the axle 27b of the bottom bracket 27. The outer 
peripheral surface of the drive ring 1 00 forms a pair of 
drive projections 1 06 with abutment surfaces 108. The 
abutment surfaces 108 are disposed 180° from each 
other and facing in the forward direction of rotation of 
the bottom bracket 27 and the crank arm 26a. In other 
words, the abutment surfaces 1 08 face in the clockwise 
direction in Figure 4. The abutment surfaces 1 08 follow 
an imaginary straight line extending radially outwardly 
from the axis of rotation Y of the bottom bracket 27. The 
outer peripheral surface of the drive ring 100 at the lo- 
cation of intersection with the abutment surfaces 1 08 ex- 
tends clockwise in Hgure 4 at a constant radius of cur- 
vature for more than 20° and, in this embodiment, more 
than 45° until it nears the rear of the following the drive 
projection 106, whereupon the radius of curvature in- 
creases in a non-curvature manner to the tip of the pro- 
jection 106. In this embodiment, the outer peripheral 
surface of the drive ring 1 00 forms a flat ramp up to the 
tip of the corresponding projection, but it could be arcu- 
ate as well. As seen clearly in Figure 4, the drive pro- 
jections 106 extend only slightly from the outer periph- 
eral surface of the drive ring 100. As shown Figures 
16-21, the drive ring 100 will be Illustrated as being at- 
tached to the axle 27b of the bottom bracket 27 to help 
understand the operation of the device and the crank 
arm 26a will be shown in broken lines. 
[0042] The driven member 1 02 is designed to selec- 
tively pull or release the operating wire 56 to shift the 
front derailleur 28. More specifically, the rotational 
movement of the drive ring 1 00 is transferred to the driv- 
en member 1 02 to pull or release the operating wire 56 
in response to operation of the motor 72 by the shift con- 
trol unit 32. The driven member 1 02 basically includes 
a base member 120, a cover member 122, a selector 
arm 124, an accurate operating lever 126. a cam ring or 



member 128, a cam follower 130, a first pawl 132a, a 
first pawl disengagement member or ramp 132b, a sec- 
ond pawl 134a, and a second pawl disengagement 
member or ramp 134b. The first pawl 132a and the first 
5 pawl disengagement member or ramp 1 32b form a first 
coupling device. The second pawl 1 34a and the second 
pawl disengagement member or ramp 1 34b form a sec- 
ond coupling device. 

[0043] As discussed in more detail below, the shift as- 
10 sisting apparatus 30 upshifts (low gear to top gear) the 
front derailleur 28 by moving the operating lever 126 
counterclockwise and then downshifts (top gear to low 
gear) the front derailleur 28 by moving the operating le- 
ver 126 clockwise. The operating lever 126 moves the 
is operating wire 56 coupled to the front derailleur 28. The 
shift assisting apparatus 30 is connected to the shift de- 
vice 34b of the shifting control unit 32 located on the 
handlebar. 

[0044] The base member 120 is preferably fixedly 
20 mounted to the bottom bracket 27 and includes a pair 
of mounting flanges 1 20a for movabty mountin g the fro nt 
derailleur 28 thereto. The base member 120 has a cup- 
shaped portion 120b that houses the selector arm 124, 
the operating lever 126, the cam ring 128, the cam fol- 

25 lower 1 30, the first pawl 1 32a, the first pawl disengage- 
ment member 1 32b, the second pawl 1 34a, and the sec- 
ond pawl disengagement member 134b. The base 
member 120 preferably has three threaded holes 120c 
for receiving threaded fasteners 120d for attaching the 

30 cover member 1 22 thereto . 

[0045] The selector aim 124 has a first end pivotally 
connected to the base member 120 through a pivot shaft 
136 for pivoting around an operating axis. The pivot 
shaft 136 has one end received in the bore 95a of the 

35 drive axle 95 of the motorized actuator unit 60. The sec- 
ond end of the selector arm 124 has a pin 124a that is 
coupled to the operating lever 126. Thus, rotation of the 
selector arm 124 by the motor 72 causes the operating 
lever 126 to move between first and second positions. 

40 in other words, the motor 72 rotates the pivot shaft 1 36 
to operate the power transfer mechanism 62. The se- 
lector arm 124 has a limited range of movement, which 
stops or locks the motor 72 from operating in both direc- 
tions. The two lock or stop positions are shown in Fig- 

45 ures 20 and 21 . 

[0046] Preferably, the selector arm 124 has a range 
of movement of approximately 30°. In other words, the 
pivot shaft 136 of the selector ami 124 Is rotated 30° 
when moved from the first position to the second posi- 

so tion by the drive axle 95. However, the selector arm 1 24 
only needs to move at least 6.4° to cause an upshift to 
occur, while the selector arm 124 needs to move 14.5° 
to cause a downshift to occur. This ts due to the connec- 
tion between the pin 124a of the selector arm 124 and 

55 the slot 1 26a of the operating ami 126. When the selec- 
tor arm 124 is in the first or top position, the drive axle 
95 can continue to rotate an additional 35° after the se- 
lector arm 1 28 and the pivot shaft 1 36 are locked in the 



ft 



15 



EP1 310 423 A2 



16 



first position. This additional 35° of movement is due to 
the spring connection 98 discussed above. Preferably, 
the drive gear 94 contacts the first shock absorbing el- 
ement 96a after approximately 32° of rotation passed 
the first stop position of the actuator arm 1 24. When the 
selector arm 124 is moved from the first or top position 
to the second or low position, the second shock absorb- 
er 96b will engage the drive gear 94 just priorto the se- 
lector arm 124 reaching the second or low position. Pref- 
erably, the second shock absorbing element 96b is en- 
gaged after 27° of rotation, i.e., 3° prior to complete ro- 
tation of the selector arm 124. The drive axle 95 can 
rotate relative to the pivot shaft 136 of the selector arm 
124 due to a certain degree of rotational play therebe- 
tween. This rotational play can result in 2° of additional 
rotational movement of the drive gear 94 against a sec- 
ond shock absorbing element 96b. As previously men- 
tioned, energy or power to the motor 72 is preferably 
controlled so that the drive axle 95 stops immediately 
when the selector arm 124 reaches either the first or 
second position depending upon the direction of rotation 
of the motor 72. Thus, no undue strain is placed on the 
drive train 74. As previously mentioned, the motor 72 
can be stopped via a positioning switch 76 and a posi- 
tioning detecting circuit 84 that detects when the drive 
gear 94 has reached the first and second stop positions 
that correspond to the first and second positions of the 
selector arm 124. Alternatively, an overcurrent detecting 
circuit 84' could be utilized to stop the motor 74 by de- 
tecting an overcurrent occurring when the drive axle 95 
begins to rotate against the biasing force of the torsion 
spring 98 when moving from the low position to the top 
position. When moving from the top position to the low 
position, the overcurrent will begin to occur when the 
drive gear 94 contacts the second shock absorbing el- 
ement 96b, Le., 3° priorto the selector arm 124 reaching 
its end position. 

[0047] The accurate operating lever 126 has a first 
end pivotal ly connected to the base member 120 
through a pivot shaft 140 for pivoting around an operat- 
ing axis. The operating lever 1 26 is moved between first 
and second operating positions by the movement of the 
selector arm 124 as seen in Figures 20 and 21 . In par- 
ticular, the operating lever 126 has a slot 126a that re- 
ceives the pin 1 24a of the selector arm 124 for transfer- 
ring the rotational movement of the selector arm 124 to 
the operating lever 126. The operating lever 126 has a 
first control ledge or flange 126b and a second control 
ledge or flange 126c that cooperate with the first pawl 
123a and the second pawl 134b, respectively, so that 
the cam ring 128 is selectively rotated or stopped as dis- 
cussed below. 

[0048] When the selector arm 1 24 is in a first position 
as seen in Figure 20, the derailleur 28 is in a top position 
w&h the drive member 100 disengaged from the driven 
member 102. In other words, the cam ring 128 is not 
rotating with the drive ring 100. When the motor 72 is 
actuated, the drive train 74 causes the pivot shaft 136 



to rotate the selector arm 1 24 which in turn rotates the 
operating lever 126 around the pivot shaft 140 to the 
second position shown in Figure 21 . 
[0049] As shown in Figure 16, the cam ring 128 has 
5 a peripheral cam surface 142 that moves the cam fol- 
lower 130 which in turn pulls or releases the operating 
wire 56. The cam ring 128 is rotatably mounted with the 
base member 120 for rotation around the axis Y shown 
in Figure 4. 

10 [0050] The cam follower 130 is pivotafly mounted to 
the base member 120 through a pivot shaft 144. A first 
end of the cam follower 130 has an opening 146 for at- 
taching the operating wire 56 thereto. A second end of 
the cam follower 1 30 includes a roller 1 48 for engaging 

15 the cam surface 142. The derailleur operating wire 56 
has a wire end bead 56a for preventing the derailleur 
operating wire 56 from being pulled upwardly out of the 
opening 146. 

[0051] The first pawl 132a is fixedly coupled for rota- 
te tion relative to the cam ring 1 28, such that the first pawl 
132a moves between a first engaged position and a first 
disengaged position. The second pawl 1 34a is also fix- 
edly coupled for rotation relative to the cam ring 128, 
such that the second pawl 134a moves between a sec- 
25 ond engaged position and a second disengaged posi- 
tion . The first and second pawls 1 32a and 1 34b are fixed 
180° apart on the cam ring 128. When the cam ring 128 
rotates around the axis Y, the first and second pawls 
132a and 134b rotate therewith. 
30 [0052] Regarding the second pawl 1 36a, a first end of 
the fi rst pawl 1 32a is pivotal iy connected to the cam ring 
128 through a first pivot shaft 150. and a second end of 
first pawl 132a has a radially inwardly extending first 
pawl tooth 132c. A first pawl control abutment or pin 
35 1 32d is located in a central portion of the first pawl 1 32a. 
A first torsion spring or biasing member (not shown) is 
mounted on pivot shaft 150 with one end of the torsion 
spring (not shown) fixed to the cam ring 128 and the 
other end of the first torsion spring (not shown) fixed to 
40 the first pawl 132a. The first torsion spring (not shown) 
biases the first pawl 1 32a in the counterclockwise direc- 
tion so that the first pawl tooth 132c is normally biased 
in radially inwardly to a first engaged position such that 
the first pawl 132a engages either of the two abutment 
45 surfaces 108 of the drive ring 100 as discussed below. 
The first disengagement device 1 32b is preferably in the 
form of a first leaf spring that has a first end fixedly cou- 
pled to the base member 120 via a fastener 154. 
[0053] Regarding the second pawl 136a, an interme- 
so diate portion of the second pawl 1 36a is pivotally con- 
nected to the cam ring or member 1 28 through a second 
pivot shaft 160. A first end of the second pawl 136a has 
a radially inwardly extending second pawl tooth 136c, 
and a second end of the second pawl 1 36a has second 
55 pawl control abutment 1 36d. A second torsion spring or 
biasing member (not shown) is mounted on the second 
pivot shaft 1 60 with one end of the second torsion spring 
(not shown) fixed to the cam ring 1 28 and the other end 
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of the second torsion spring (not shown) fixed to the sec- downshift button of the shift device 34b t which causes 
ond pawl 136a. The second torsion spring (not shown) the shifting unit 32 to send a signal to operate the motor 
biases the second pawl 136a in a counterclockwise di- 72. When the motor 72 is actuated, the drive train 74 
rection. The second disengagement member 136b is causes the pivot shaft 136 to rotate the selector arm 124 
preferably in the form of a second leaf spring that has a s which in turn rotates the operating lever 1 26 around piv- 
first end fixedly coupled to the base member 120 via a ot shaft 140 in a clockwise direction as seen in Figure24. 
fastener 1 64. The second torsion spring (not shown) bi- [0057] When the operating lever 1 26 is m this second 
ases the second pawl tooth 136c radially inwardly to a operating position as seen in Figure 24, a downshifting 
second engaged position such that the second pawl operation is activated. Thus, the first and second control 
1 36a engages either of the two abutment surfaces 1 08 10 ledges 1 26b and 1 26c are moved inwardly to a second 
of the drive ring 100 as discussed below. operating position. More specifically, the first control 
[0054] The operation of the shift assisting apparatus ledge 126b moves inwardly so that the first pawl 132a 
30 can be understood by referring to Figures 22-30. can pivot in a counterclockwise direction under the force 
When the operating lever 126 moves from the first po- of the first spring 152. In this position, the first pawl 132a 
sition (Figure 20) to the second position (Figure 21 ), *5 is arranged so that the first pawl tooth 132c can be en- 
then theoperating lever 126 hits the base member 120. gaged by one of the projections 106 of the drive ring 
At this point, either the position switch 76 detects the 100. Accordingly, as seen In Figure 25, the drive ring 
position of the drive shaft 95 or the overcurrent detecting 1 00 contacts the first pawl tooth 1 32c of the first pawl 
circuit 84 detects an overcurrent occurs. In either case, 1 32a which causes the cam ring 1 28 to rotate in a clock- 
a signal is produced to stops electricity to the motor 72. 20 W j se direction. This clockwise movement of the cam ring 
Then, the electrical step is finished. Like wise, when the 128 causes the cam roller 148 of the cam follower 1 30 
operating lever 126 moves the second position (Figure to engage the area of the cam surface 140 that is closest 
21) to the first position (Figure 20), the operating lever to the rotation axis Y as seen in Figure 26. Thus, the 
126 hits the base member 120 At this point, eitherthe cam follower 130 can rotate in a clockwise direction 
position switch 76 detects the position of the drive shaft 2s about the pivot shaft 1 44 . This clockwise rotation of the 
95 or the overcurrent detecting circuit 84 detects an cam follower 130 causes the operating wire 56 to be re- 
overcurrent occurs. In either case, a signal is produced leased. The slack in the operating wire 56 is taken up 
to stops electricity to the motor 72. Then, the electrical by the biasing member (not shown) in the linkage as- 
step is finished. As seen in Figure 1 8, the position switch sernbly 48 of the front derailleur 28. After rotating 1 80° 
76 is in the form of a potentiometer that includes a print- 30 as seen in Figure 27, the first pawl 1 32a is moved to a 
ed circuit board 76a fixedly mount to the housing 70 and disengaged position such that the tooth of the first pawl 
a moving detecting blade 76b fixedly coupled to the 132a can no longer be driven by the drive ring 100. More 
drive gear 94. Thus, when the drive gear 94 rotates, the specifically, the first pawl disengagement member 1 36b 
detecting blade 76b rotates with the drive gear 94. The engages the pin 1 32d of the first pawl 1 32a to rotate the 
detecting blade 76b has a magnet 76c fixed thereto that 35 first pawl 132a in a clockwise direction around the pivot 
is detected by contacts on the printed circuit board 76a. shaft 1 50 against the force of the biasing member 152. 
In other words, the contacts on the printed circuit board During this rotation of the cam ring 1 28, the second pawl 
76a detect when the drive gear 94 and the detecting 136a is now moved 180° so as to engage the second 
blade 76b rotate to the stop positions. When the drive control ledge 1 26c of the operating lever 1 26 as seen in 
gear 94 and the detecting blade 76b reach the stop po- 40 Figure 27. Accordingly, the second pawl 1 36a Is now 
sltions, the printed circuit board 76a sends a signal to held in a disengaged position similar to the first pawl 
the microprocessor 80 via the position detecting circuit 1 32a so that the drive ring 1 00 moves without operating 
M - the driven member 102, i.e., without rotating the cam 
[0055] Figure 20 shows the shift assisting apparatus ring 128. 

30 In a steady-state idle condition with the front derail- 45 po58] Now, if the rider wishes to upshift from the low 

leur 28 In the top position. In this initial condition, the position (Figure 27) to the top position (Figure 22 or 23), 

first pawl control surface of the first pawl control ledge the rider pushes the upshift button of the shift device 

126b supports the first pawl control abutment or pin 34b which causes the shifting unit 32 to send a signal 

1 32d so that the first pawl tooth 1 32c is held radially out- to operate the motor 72. Operation of the motor 72 caus- 
wardly in its first disengaged position, and the second so es the pivot shaft 136 to rotate in a counterclockwise 

pawl ramp 1 36b presses the second pawl control abut- direction as seen in Figure 28. This rotation of the pivot 

ment 136d radially inwardly so that the second pawl shaft 136 causes the selector arm 124 and the operating 

tooth 1 36c is held radially outwardly in its second disen- lever 1 26 to move to the first operating position as seen 

gaged position. Thus, the drive ring 100 rotates together in Figures 28-30. 

with the axle 27b without having any effect on the shift ss [0059] When the operating lever 1 26 is in this first op- 
assisting apparatus 30. erating position (Figure 28), an upshifting operation is 
[0056] Now, if the rider wishes to downshift from the activated. Specifically, the second control ledge 1 26c is 
top position to the low position, the rider pushes the moved radiaily outwardly so that the second pawl 136a 
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can rotate in a counterclockwise direction under the 
force of its second biasing member or spring 1 62. Thus, 
the second pawl tooth 136c of the second pawl 136a is 
moved radially inwardly to engage one of the projections 
106 of the drive member 100 as seen in Figure 29. The 
cam ring 128 is now rotated 180° by the drive member 
1 00 to the position shown in Figure 22. More specifically, 
the drive member 100 engages the second pawl 136a, 
which is fixed to the cam ring 128, so that the cam ring 
128 rotates with the drive member 100. Upon 180° of 
rotation, the second pawl 136a engages the second 
pawl disengagement member or spring 1 36b that caus- 
es the second pawl 136a to rotate in a clockwise direc- 
tion against the force of its biasing member 162. Thus, 
the second pawl tooth 136c of the second pawl 136a is 
now in the second position so that the drive member 1 00 
can freely rotate without engaging the second pawl tooth 
1 36c of the second pawl 1 36a. Moreover, the first pawl 
132a is also simultaneously moved radially outwardly 
by the first control ledge 1 26b of the operating lever 1 26. 
Specifically, as the cam ring 128 rotates, the first pawl 
control abutment or pin 132d of the first pawl 132a en- 
gages the radially outwardly facing surface of the first 
control ledge 126b so that the first pawl 132a is rotated 
in a clockwise direction against the biasing force of Its 
spring 1 52. More specifically, the first control ledge 1 26b 
is arranged to form a ramp that gradually moves the pin 
1 32d of the first pawl 1 32a radially outwardly as the cam 
ring 128 rotates in a clockwise direction. This movement 
of the cam ring 128 causes the roller 148 of the cam 
follower 130 to engage the portion of the peripheral cam 
surface 142 that is farthest from the center rotation axis 
Y. Thus, the cam follower 130 is rotated in a counter- 
clockwise direction around the pivot shaft 144 so that 
the operating wire 56 is pulled. This movement of the 
operating wire 56 causes the derailleur 28 to move from 
the low position to the top position as explained above. 

FIGURES 31 AND 32 

[0060] Referring now to Figures 31 and 32, the mo- 
torized rear derailleur assembly 18 will now be ex- 
plained. Basically, the motorized rear derailleur assem- 
bly 1 8 includes a rear derailleur 1 9 operated by a second 
actuator unit 60a to move the rear derailleur 1 9 laterally 
relative to the bicycle frame 1 4 between the various gear 
positions. The second actuator unit 60a has a second 
motor 72a and a second drive train 74a that are opera- 
ttvely coupled to the rear derailleur 1 9 to move the rear 
derailleur 1 9 laterally relative to the bicycle frame 14 be- 
tween the various gear positions. 
[0061] The second actuator unit 60a is identical in 
construction to the actuator unit 60, discussed above. 
Thus, the second motor 72a and the second drive train 
74a are identical to the motor 72 and the drive train 74, 
respectively. However, in this embodiment, the drive 
train 74 has a pulley 136a operativety coupled to the 
drive gear instead of the pivot shaft 136 that operates 



the power transfer mechanism 62. The pulley 136a 
winds or unwinds the operating wire 21 of the rear de- 
railleur 1 9 to shift the rear derailleur 1 9. Thus, in view of 
the fact that the rear derailleur 19 and the shift assisting 
5 apparatus 30 both used the same actuator unit and the 
same motor with shock absorbing elements, the opera- 
tions and descriptions of the parts of the second actuator 
unit 60a and the second motor 72a will be omitted for 
the sake of brevity. Moreover, the precise structure of 

10 the rear derailleur 19 is not important to the present in- 
vention as well as the precise structure of the power 
transfer mechanism between the rear derailleur 19 and 
the motor 72a. In other words, it will be apparent to those 
skilled in the art that the present invention can be used 

15 in any motor that operates a rear derailleur. 

[0062] The rear derailleur 1 9 is preferably a conven- 
tional rear derailleur that is cable operated. The elec- 
tronic control system 31 is used to operate the second 
actuator unit 60a, i.e., the second motor 72a and the 

20 second drive train 74a, which in turn operates the rear 
derailleur 1 9. More specifically, the second actuator unit 
60a operates such that the rotational force of the second 
motor 72a pulls or releases the operating wire 21 of the 
rear derailleur 19. The second actuator unit 60a is op- 

25 erativefy coupled to the shift control unit 32 via the elec- 
trical control cord 36 and to the shifting device 34a via 
the electrical cord 38a for receiving the upshift and 
downshift signals. Thus, the operation of the rear derail- 
leur 1 9 is basically the same as the operation of the front 

30 derailleur 23, discussed above. 

[0063] Referring to Figure 31 . similar to the motor 72 
of the shift control unit 32, the motor 72a of the actuator 
unit 60a is electrically connected by the electrical cord 
36 to the shift control unit 32 which has the microcom- 

35 puter 80 with the motor driver circuit 82 as mentioned 
above. Thus, the position detecting circuit 84 is opera- 
tively coupled to the central processing unit of the mi- 
crocomputer 80 and/or the motor driver circuit 82 for 
stopping the motor 72a In this embodiment, the position 

to control device or switch d etects the position of drive axle 
of the gear drive train 74a to send a signal to stop the 
motor 72a. 

[0064] Alternatively, as seen in Figures 9 and 32, the 
position detecting circuit 84 can be replaced with an 

45 overcurrent detecting circuit 84* is operath/ely coupled 
the central processing un It of the microcomputer 80 and/ 
or the motor driver circuit 82 for stopping the motor 72a 
in the same manner as the motor 72. 
[0065] When the position detecting circuit 84 is used, 

so the predetermined end positions of the gear drive train 
74a are detected by the position control device or switch 
to stop the movement of the motor 72a in the same man- 
ner as the motor 72. When the overcurrent detecting cir- 
cuit 84 f is used, the central processing unit of the micro - 

55 computer 80, the motor driver circuit 82 and the over- 
current detecting circuit 84* operate together to stop the 
movement of the motor 72a upon detection of the motor 
72a beginning to lock up in the same manner as the mo- 
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tor 72. 

[0066] As seen in Figures 5 and 6, the microcomputer 
80 has a control program, which receives drive axle stop 
position and signal from the position detecting circuit 84 
for controlling the operation of the motor 72a. More spe- 
cifically, when the rider pushes a button on the shifting 
device 34a to start a shifting operation, the microcom- 
puter 80 will then send a signal to the motor driver circuit 
82 to have the power source or battery 86 energize the 
motor 72a in the desired direction . The motor 72a is pref- 
erably a reversible motor that can be driven in either a 
clockwise or a counterclockwise direction so as to move 
the derailleur 19 between various shift or preset compo- 
nent positions. The position detecting circuit 84 will stop 
energizing the motor72a when the derailleur 1 9 reaches 
the new position in accordance with the signal sent by 
the position control switch. 

[0067] Alternatively, when the motor 72a begins to 
lock up, this will increase the current level such that an 
overcurrent signal is sent from the overcurrent detecting 
circuit 84 4 back to the central processing unit of the mi- 
crocomputer 80 to stop the electricity from energizing 
the motor 72a. 

FIGURES 33 AND 34 

[0068] Referring now to Figures 33 and 34, an alter- 
nate embodiment is illustrated in which the shift assist- 
ing apparatus 30 has been removed such that the motor 
72 is operatively coupled moves the operating wire 56 
coupled to the front derailleur 28 via a pulley 57. The 
pulley 57 winds or unwinds the operating wire 21 of the 
rear derailleur 1 9 to shift the front derailleur 28. Thus, in 
view of the fact that the front derailleur 28 in this embod- 
iment uses the same actuator unit 60 that is used with 
the shift assisting apparatus 30, as discussed above, 
the operations and descriptions of the parts of the actu- 
ator unit 60 (i.e. , the motor 72 and the drive train 74) will 
not be repeated for the sake of brevity. 
[0069] Referring to Figure 33, the motor 72 of the ac- 
tuator unit 60 is electrically connected by the electrical 
cord 36 to the shift control unit 32 which has a micro- 
computer 80 with a motor driver circuit 82 . As mentioned 
above, the position detecting circuit 84 is operatively 
coupled to the central processing unit of the microcom- 
puter 80 and/or the motor driver circuit 82 for stopping 
the motor 72. In this embodiment, the position control 
device or switch detects the position of drive axle 95 of 
the gear drive train 74 to send a signal to stop the motor 
72. 

[0070] Alternatively, as seen in Figures 9 and 34, the 
position detecting circuit 84 can be replaced with an 
overcurrent detecting circuit 84' is operatively coupled 
the central processing unit of the microcomputer 80 and/ 
or the motor driver circuit 82 for stopping the motor 72 
in the same manner as discussed above. 
[0071] When the position detecting circuit 84 is used, 
the predetermined end positions of the gear drive train 



74 are detected by the position control device or switch 
to stop the movement of the motor 72 in the same man- 
ner as discussed above. When the overcurrent detect- 
ing circuit 84* is used, the central processing unit of the 
5 microcomputer 80, the motor driver circuit 82 and the 
overcurrent detecting circuit 84' operate together to stop 
the movement of the motor 72 upon detection of the mo- 
tor 72 beginning to lock up in the same manner as dis- 
cussed above. 

w 

FIGURES 35-37 

[0072] Referring now to Figures 35-37, an alternate 
embodiment is illustrated in which the motorized rear 
*5 derailleur assembly 1 8 has been replaced with an inter- 
nal hub assembly 218. The internal hub assembly 218 
basically includes an internal hub 219 operated by an 
actuator unit 260 to shift the internal hub 219 laterally 
relative between the various gear positions. The internal 

20 hub 219 is preferably a conventional internal hub 219. 
The internal hub 219 is a conventional component that 
is well known in the art. Since internal hubs are well 
known in the art, the construction of the internal hub 21 9 
will not be discussed or illustrated in detail herein. 

25 [0073] Referring to Figure 35, the actuator unit 260 
has a housing 270 with a motor 272 and a drive train 
274 that are operatively coupled to the internal hub 219 
to shift the internal hub 21 9. The housing 270 is mounted 
on the axle 21 9a of the internal hub 219 with the drive 

so train 274 operatively coupled to a rotatable clutch actu- 
ator 21 9b. The actuator unit 260 is retained on the axle 
21 9a of the internal hub 21 9 by a nut 21 9c that presses 
against a mounting flange 271 of the housing 270 which 
in turn presses against a hub nut 21 9d that holds the 

3s components of the internal hub 21 9 together. 

[0074] The motor 272 and the drive train 274 are sub- 
stantially identical to and the motor 72 and the drive train 
74, respectively, except that the motor 272 and the drive 
train 274 have been adapted to operate the internal hub 

40 21 9 instead of the shift assisting apparatus 30. Thus, in 
view of the fact that the internal hub 219 and the shift 
assisting apparatus 30 both used basically the same ac- 
tuator unit using substantially the same motor and sub- 
stantially the same drive train with shock absorbing el- 
ements, the operations and descriptions of the parts of 
the actuator unit 260 will be omitted for the sake of brev- 
ity. Moreover, the precise structure of internal hub 219 
is not important to the present invention as well as the 
precise structure of the power transfer mechanism (the 

so drive train 274) between the internal hub 21 9 and the 
motor 272. In other words, it will be apparent to those 
skilled in the art that the present invention can be used 
in any motor that operates an internal hub. 
[0075] Still referring to Figure 35, the motor 272 and 

55 the drive train 274 are disposed within the housing 270. 
The motor 272 has an output shaft with an output gear 
273 that engages the drive train 274, which in turn en- 
gages the rotatable clutch actuator 219b of the internal 
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hub 21 9. The drive train 274 includes two power transfer 
gears 291 and 292, a drive gear 294 and a drive axle 
295 that transmits the rotation from the output gear 273 
to the internal hub 219. More specifically, the power 
transfer gear291 has a large diameter gear portion 291 a 
that is rotatably engaged with the output gear273 of the 
motor 272. The power transfer gear 291 also has a small 
diameter gear portion 291b that is rotatably engaged 
with a large diameter gear portion 292a of the power 
transfer gear 292. The power transfer gear 292 also has 
a small diameter gear portion 292b that is rotatably en- 
gaged with the drive gear 294 which has a large diam- 
eter. Thus, the drive train 274 form a gear reduction unit 
so that the drive gear 294 rotate at a slower rate then 
the output gear 273. 

[0076] The drive gear 294 and the drive axle 295 have 
a small amount of rotational play therebetween similar 
to the drive gear 94 and the drive axle 95 shown in Fig- 
ure 1 9 . This rotational play is taken up by a torsion spring 
(not shown) that is coupled between the drive gear 294 
and the drive axle 295 in the same manner as the torsion 
spring 98 that is coupled between the drive gear 94 and 
the drive axle 95. This arrangement is designed to fur- 
ther protect the gears from breaking when the motor272 
locks up but the energy to the motor 272 has not been 
discontinued. Moreover, since the gears of the drive 
train 274 cannot stop immediately due to inertia, the tor- 
sion spring further protects the gears of the drive train 
274 from breaking due to such an overrun. This torsion, 
spring also protects the gears of the drive train 274 in 
the case of a double shift when the rider performs a sec- 
ond shift before the first shift is completed. The drive 
axle 295 has a center bore that is coupled to the rotat- 
able clutch actuator 219b. The drive gear 294 is a fan- 
shaped gear having a hub portion mounted on the drive 
axle 295 and an arc shaped portion with a plurality of 
teeth located between first and second contact surfac- 
es. 

(0077] In the embodiment, a pair of shock absorbing 
elements or bumpers arranged adjacent the drive gear 
294 in the same manner as in the motor 70. More spe- 
cifically, the shock absorbing elements are located on 
the housing 270 so as to engage the first and second 
contact surfaces of the drive gear 294. The drive gear 
294 only engages the shock absorbing elements when 
the motor 272 is energized to the normal stop positions 
of the drive axle 295. 

[0078] Turning now to Figure 36, the electronic control 
system 31 , discussed above, is now used to operate the 
actuator unit 260, which in turn operates the internal hub 
219. More specifically, the actuator unit 260 operates 
the motor 272 such that the rotational force of the motor 
272 shifts the internal hub 219 via the drive train 274. 
The motorized actuator unit 260 is operativery coupled 
to the shift control unft 32 via the electrical control cord 
36 and to the shifting device 34a via the electrical cord 
38a for receiving the upshift and downshift signals. In 
other words, the motor 272 of the actuator unit 260 is 



electrically connected by the electrical cord 36 to the 
shift control unit 32 which has a microcomputer 80 with 
a motor driver circuit 82. As mentioned above, the po- 
sition detecting circuit 84 is operativery coupled to the 
5 central processing unit of the microcomputer 80 and/or 
the motor driver circuit 82 for stopping the motor 272. In 
this embodiment, the position control device or switch 
detects the position of drive axle 295 of the gear drive 
train 274 to send a signal to stop the motor 272. After- 
10 natively, as seen in Figures 9 and 37, the position de- 
tecting circuit 84 can be replaced with an overcurrent 
detecting circuit 84' is operativery coupled the central 
processing unit of the microcomputer 80 and/or the mo- 
tor driver circuit 82 for stopping the motor 272 in the 
*s same manner as the motor 72. 

[0079] The terms of degree such as "substantially* 1 , 
"about" and "approximately* as used herein mean a rea- 
sonable amount of deviation of the modified term such 
that the end result is not significantly changed. These 
terms should be construed as including a deviation of at 
least ± 5% of the modified term if this deviation would 
not negate the meaning of the word It modifies. 
[0080] While only selected embodiments have been 
chosen to illustrate the present invention, it will be ap- 
parent to those skilled in the art from this disclosure that 
various changes and modifications can be made herein 
without departing from the scope of the invention as de- 
fined in the appended claims. Furthermore, the forego- 
ing description of the embodiments are provided for il- 
lustration only, and not for the purpose of fimiting the 
invention as defined by the appended claims and their 
equivalents. For example, the size, shape, location or 
orientation of the various components may be changed 
as desired. The functions of one element may be per- 
formed by two, and vice versa. It is not necessary for all 
advantages to be present in a particular embodiment at 
the same time. Every feature that is unique from the prior 
art, alone or in combination with other features, should 
be considered a separate inventions by the applicant, 
including the structural and/or functional concepts em- 
bodied by such featurefs) . Thus, the scope of the inven- 
tion is not limited to the disclosed embodiments. 



Claims 

1 . A motorized bicycle actuator assembly comprising: 

a motorized actuator unit (60, 60a, 260) includ- 
ing a motor (72, 72a, 272), a drive train (74, 
74a, 274) operatively coupled to said motor to 
rotate a drive axle (95, 295) of said drive train 
in a first rotational direction, and a control de- 
vice (76) operatively coupled to said motor (72, 
72a, 272) to stop rotation of said drive axle (95 , 
295) of said drive train (74, 74a, 274) at a first 
stop position; and 

a first shock absorbing element (96a) opera- 



25 



30 



35 



40 



45 



SO 



25 



EP 1 310 423 A2 



26 



tively arranged to cushion movement of said 
drive train (74. 74a, 274) when said drive axle 
(95, 295) reaches said first stop position of said 
drive axle (95, 295). 

2. The motorized bicycle actuator assembly according 
to claim 1 , wherein 

said motor (72, 72a, 272) is a reversible motor that 
is operatively coupled to said drive train (74, 74a, 
274) to rotate said drive axle (95, 295) of said drive 
train (74, 74a, 274) in a second rotational direction. 

3. The motorized bicycle actuator assembly according 
to daim 2 : wherein 

said drive train (74, 74a, 274) further having a first 
portion coupled to said reversible motor (72, 72a, 
272) and a second portion coupled to said drive axle 
(95, 295) with rotational play formed between said 
first and second portions, and a spring (98) opera- 
tively coupled between said first and second por- 
tions to take up said rotational play in said first ro- 
tational direction such that rotation of said drive train 
(74, 74a, 274) in said first rotational direction is di- 
rectly transferred between said first and 
second portions of said drive train (74, 74a, 274) 
and rotation of said drive train in said second rota- 
tional direction is transferred between said first and 
second portions of said drive train (74, 74a, 274) 
through said spring (98). 
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The motorized bicycle actuator assembly according 
to claims 1 to 3, wherein 

said control device (76) is further operatively cou- 
pled to said reversible motor (72, 72a, 272) to stop 
rotation of said drive axle (95, 295) of said drive train 
(74, 74a, 274) at a second stop position; and 
said drive train (74, 74a, 274) further includes a sec- 
ond shock absorbing element (96b) operatively ar- 
ranged to cushion movement of said drive train (74, 
74a, 274) when said drive axle (95, 295) reaches 
said second stop position of said drive axle (95, 
295). 

The motorized bicycle actuator assembly according 
to claim 4, wherein 

said first and second shock absorbing element 
(96a, 96b) are arranged between said drive train 
(74, 74a, 274) and a housing (70, 270) of said mo- 
torized actuator unit (60). 

The motorized bicycle actuator assembly according 
to daim 4 or 5, wherein 

said first shock absorbing element (96a) mounted 
on a first stop of said housing (70, 270) of said mo- 
torized actuator unit (60, 60a, 260) and said second 55 
shock absorbing element (96b) mounted on a sec- 
ond stop of said housing (70, 270) of said motorized 
actuator unit (60, 60a. 260). 



7. The motorized bicycle actuator assembly according 
to claims 4 to 6, wherein 

said first and second shock absorbing elements 
(96a, 96b) are mounted on said drive train (74, 74a, 
274). 

8. The motorized bicycle actuator assembly according 
to any of the preceding claims, wherein said drive 
train (74, 74a, 274) includes a plurality of gears with 
a drive gear (94, 294) mounted on said drive axle 
(95, 295). 

9. The motorized bicycle actuator assembly according 
to any of the preceding claims, wherein said drive 
gear (94, 294) is a fan-shaped gear having a hub 
portion (94c) mounted on said drive axle (95, 295) 
and an arc shaped portion (94d) with a plurality of 
teeth located between first and second contact sur- 
faces (94a, 94b). 

10. The motorized bicycle actuator assembly according 
to any of the preceding claims, wherein said first 
and second shock absorbing elements (96a, 96b) 
are located between said housing (70, 270) of said 
motorized actuator unit (60, 60a, 260) and said first 
and second contact surfaces of said drive gear (94, 
294). 

11 . The motorized bicycle actuator assembly according 
to any of the preceding claims, wherein said first 
and second shock absorbing elements (96a, 96b) 
are mounted on first and second stops of said hous- 
ing (70, 270) of said motorized actuator unit (60, 
60a, 260), respectively. 

12. The motorized bicycle actuator assembly according 
to any of the preceding claims, wherein said first 
and second shock absorbing elements (96a, 96b) 
are mounted on said first and second contact sur- 
faces (94a, 94b) of said drive gear (94, 294), re- 
spectively. 

1 3. The motorized bicycle actuator assembly according 
to any of the preceding claims, further comprising a 
bicycle component operatively coupled to said drive 
axle (95, 295) to move a movable member to a first 
preset component position that corresponds to said 
first stop position of said drive axle (95, 295). 

so 14. The motorized bicycle actuator assembly according 
to any of the preceding claims, wherein said bicycle 
component is a front derailleur (28). 



30 



35 



40 



45 



1 5. The motorized bicycle actuator assembly according 
to claims 1 to 13, wherein said bicycle component 
is a rear derailleur (19). 

1 6. The motorized bicycle actuator assembly according 
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to claims 1to 1 3, wherein said bicycle component is 
a shift assisting device. 

1 7. The motorized bicycle actuator assembly according 

to claims 1 to 13, wherein said bicycle component s 
is an internal hub (219). 

1 8. The motorized bicycle actuator assembly according 
to any of the preceding claims, wherein said control 
device (76) includes a position switch device oper- 10 
atively coupled to said motor (72, 72a, 272) to stop 
said motor upon said drive train (74, 74a, 274) 
reaching said first stop position. 

19. The motorized bicycle actuator assembly according *5 
to claim 18, wherein 

said position switch device is arranged to detect 
movement of a drive gear (94, 294) mounted on 
said drive axle (95, 295). 



20. The motorized bicycle actuator assembly according 
to any of the preceding claims, wherein said control 
device (76) includes an overcurrent detecting circuit 
operativery coupled to said motor ( 72, 72a, 272) to 
stop said motor upon said drive train (74, 74a, 274) 
reaching said first stop position due to detection of 
an overcurrent in said motor (72, 72a, 272). 

21 . A motorized bicycle actuator assembly comprising: 



position and said second stop position. 

23. The motorized bicycle component assembly ac- 
cording to claim 21 or 22, wherein said at least one 
shock absorbing element (96a, 96b) includes a first 
shock absorbing element (96a) mounted on a first 
stop of said housing (70, 270) of said motorized ac- 
tuator unit (60, 60a, 260) and a second shock ab- 
sorbing element (96b) mounted on a second stop 
of said housing (70, 270) of said motorized actuator 
unit (60, 60a, 260). 
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a motorized actuator unit (60, 60a, 260) includ- 
ing a reversible motor (72, 72a, 272), a drive 
train (74, 74a, 274) operativery coupled to said . 
reversible motor, and a control device (76) op- 
eratively coupled to said reversible motor (72, 35 
72a, 272) to stop rotation of a drive axle (95, 
295) of said drive train (74, 74a, 274) at first and 
second stop positions; 

a bicycle component operativery coupled to 
said drive axle (95, 295) to move a movable 40 
member between a first preset component po- 
sition and a second preset component position 
that correspond to said first and second stop 
positions of said drive axle (95, 295), respec- 
tively; and 45 
at least one shock absorbing element (96a, 
96b) operativery arranged to cushion move- 
ment of said drive train (74, 74a, 274) when said 
drive axle (95, 295) reaches at least one of said 
first and second stop positions of said drive axle so 
(95, 295). 

22. The motorized bicycle actuator assembly according 
to any of the preceding claims, wherein said control 
device (76) includes a position switch device oper- 55 
atively coupled to said reversible motor (72, 72a t 
272) to stop said reversible motor upon said drive 
tram (74, 74a, 274) reaching one of said first stop 
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